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cense.Abstract Objective: To determine if staging of renal cell carcinoma (RCC) can be predicted from
preoperative triphasic helical computed tomography (CT) ﬁndings.
Patients and methods: We reviewed the triphasic helical CT scans of 48 consecutive patients with
pathologic diagnosis RCCs. All tumors were staged according to the 2002 version of TNM staging
system. The preoperative radiologic staging was compared with postoperative pathologic staging.
Agreement between the two staging systems was determined using the kappa test.
Results: Comparison between triphasic helical CT staging and pathologic staging showed harmony
in all lesions in stage T1a, and T1b. Triphasic helical CT over diagnosed two cases of stage T1b
regarded as stage T3a while agreement was noted in all cases of stage T2. Harmony was noted
between triphasic helical CT and pathologic staging in two lesions stage T3a, four lesions in stage
T3b, and two lesions stage T4. The agreement between triphasic helical CT and pathologic T stages953318.
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Fig. 1 (a) Unenhanced CT display
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422 M.N. Allam et al.was perfect (K= 0.941). Forty-two cases were staged N0, one case was N1, and ﬁve cases were
staged N2 by triphasic CT. Three cases were over staged, and six cases were under staged while,
39 were correctly N staged. The agreement between triphasic helical CT and pathologic N staging
was poor (K= 0.33).
Conclusion: The agreement between the preoperative triphasic helical CT staging and postopera-
tive pathologic T staging is perfect, while agreement in N stages is poor. So T staging of RCC
can be predicted from triphasic helical CT ﬁndings while N staging cannot be predicted preopera-
tively.
 2010 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Renal cell carcinoma (RCC) is the most common malignant
tumor of the kidney. It accounts for 90% of adult renal tu-
mors, and 2% of all malignancies (1). About half of all RCC
are discovered as an incidental ﬁnding on cross-sectional imag-
ing studies; computed tomography (CT), ultrasonography
(US), and magnetic resonance imaging (MRI) (2).
Although radical nephrectomy remains the predestined
treatment both in localized and advanced RCC, nephron-spar-
ing surgeries are evolved (3). Therefore, elaborated preopera-
tive imaging and tumor staging are important for planninging a well-deﬁned homogeneous
c) Nephrographic phase displays
T staging was T1b, N0.the surgical strategy, and for providing accurate prognostic
information.
For decades, CT represents the investigation of choice for
assessment of RCC due to its high accuracy (4). The advance-
ment of CT technology and introduction of triphasic helical
CT technique provide extra accuracy of RCC staging (5). As
the tumor stage is the most important factor inﬂuence the
prognosis and survival of patients and has an important im-
pact on planning treatment, the present study aimed to evalu-
ate the accuracy of triphasic helical CT for preoperative
staging of RCC, by taking the surgical ﬁnding and pathologic
staging as a reference standard.isodense mass in the middle zone of the left kidney with intact
a well-deﬁned homogenous hypodense mass in the middle zone of
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This retrospective study was conducted at radiology depart-
ment Zagazig University hospitals. We reviewed the triphasic
helical CT scans of 48 consecutive patients (31 males and 17
females, their ages ranged between 43–75 years with a mean
age 56 years) with pathologic diagnosis RCCs, operated
between January 2006 and December 2009. Informed consent
was not obtained according to the policy of our University
Ethical Committee, for retrospective study.
2.1. Technique of triphasic helical CT
All patients underwent single-detector helical pelvi-abdomi-
nal unenhanced CT scan using General Electeric CT ma-
chine (GE Sytic SRI) with 3 mm interval. Scans were
obtained at contiguous 3 mm slice thickness, pitch of 1.5,
120 kVp, 150 mA and a 512 · 512 matrix, and a reconstruc-
tion interval of 5 mm. I.V. contrast material (urograﬁn 76%)
was administrated by a power injector at a dose of 2 ml/kg
body weight at a rate of 3 ml/s to a maximum of 160 ml.
Triphasic enhanced examination was done with scanning at
120 kV and 150–250 mA, a scan time of 1 s and a collima-
tion of 5 mm. The triphasic CT done with a table speedFig. 2 (a) Unenhanced CT displaying a well-deﬁned homogeneous
capsule. (b) Corticomedullary phase. (c) Nephrographic phase. (d) Ex
mass in the upper zone of the right kidney with intact capsule. CT staof 6.5 mm/s with a scan ﬁeld of view was large (42 cm)
and the pitch was 1.5 mm. The slice thickness was 5 mm
and the image interval was 5 mm.
The ﬁrst scan series (corticomedullary) started after 50 s de-
lay after beginning the contrast material injection to optimize
cortical enhancement without medullary enhancement.
The second enhanced scan (nephrographic phase) was
started at 100 s delay after beginning of the contrast material
injection and was dedicated to reach homogenous parenchy-
mal enhancement.
The third enhanced scan (excretory phase) was started at
180 s delay after beginning of the contrast material injection
to allow evaluation of the collecting system and renal excretory
function.
The interval between preoperative triphasic helical CT
examination and radical nephrectomy ranged from 3 to
21 days.
The preoperative triphasic helical CT images were evalu-
ated by two experienced radiologists (H.T. and N.M.I.). They
were aware of the patients’ medical history, but unaware of
neither operative data nor pathologic stages and the ﬁnal
radiologic staging reached by unanimous agreement. All tu-
mors were staged according to the 2002 version of TNM stag-
ing system (6).isodense mass in the upper zone of the right kidney with intact
cretory phase shows a large well-deﬁned homogenous hypodense
ging was T2, N0.
Fig. 3 (a) Unenhanced CT displays a large ill-deﬁned isodense mass with areas of degenerative changes and amorphous calciﬁcation
with extension into perinephric fat through the renal capsule. (b) Corticomedullary phase revealed tumor inﬁltration to psoas muscle. (c)
Nephrographic phase displays a heterogeneously enhanced ill-deﬁned mass with areas of degeneration, the tumor enhancement is less than
the normal renal parenchyma. CT staging was T4, N0.
424 M.N. Allam et al.The tumor diameter was measured in the largest plane to
represent the tumor size. Renal hilar, paraaortic, and paracav-
al lymph nodes measuring >1 cm in diameter were considered
to be metastatic. A tumor was staged N1 when one region
lymph nodes >1 cm; and N2 when more than one region
lymph nodes >1 cm were noted.
2.1.1. Operative data and pathologic staging
Operative data were reviewed with particular attention of tu-
mor extension to renal capsule perinephric fat, Gerota’s fascia,
renal pelvis, renal vasculature, and adjacent organs. Histo-
pathologic examination for all renal specimens was reviewed.
Histological type, Fuhrman nuclear grading (7) and Patholog-
ical staging were obtained.
2.2. Statistical analysis
The preoperative staging using triphasic helical CT was com-
pared with the operative ﬁndings and postoperative pathologic
staging, which served as the reference standard. Agreement be-
tween the two staging systems was determined using the kappa
statistic test (K> 0.00 to 60.20, very poor agreement; K
> 0.20 to 60.40, poor agreement; K> 0.40 to 60.60, fairagreement; K> 0.60 to 60.80, good agreement; and
K> 0.80 to 61.00, perfect agreement).3. Results
Operative data showed 40 lesions limited to the capsule of the
kidney (stage T1 and T2), two lesions had extended outside the
kidney (stage T3a), four lesions with renal vein/inferior vena
caval thrombosis (stage T3b), and two lesions with splenic
involvement (stage T4).
Histopathologic examination of the surgical specimens re-
vealed that six tumors were stage T1a (12.5%), 18 were stage
T1b (37.5%), 16 were stage T2 (33.3%), two were stage T3a
(4.2%), four were stage T3b (8.3%), and two were stage T4
(4.2%). In the evaluation of lymph node involvement, 39 tu-
mors (81.2%) were stage N0, seven were stage N1 (14.6%),
and two were stage N2 (4.2%).
Histopathology examination revealed the following tumor
cell types: clear cell type in 43 cases, papillary type in three
cases, and chromophobe type in two cases.
Thirteen lesions were Grade I; nine were Grade II, and 12
were Grade III, and 14 were Grade IV, whereas, Grade I
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anaplastic according to Fuhrman nuclear grading system (7).
3.1. Triphasic helical CT evaluation
Forty eight cases of RCC were undergone plain CT and tripha-
sic CT examinations. Twenty-eight lesions are located in the
upper pole of the affected kidney, eight cases were located in
the middle zone and 12 lesions are located in the lower pole.
The right kidney is affected in 26 cases, and left kidney is in-
volved in 22 cases. Plain CT revealed well-deﬁned mass with
smooth border in 16 cases and ill-deﬁned mass with irregular
border in 24 cases and cannot detect the lesion in eight cases.
Calciﬁcation was detected in 16 cases (six were marginal and
10 were amorphous).
Triphasic spiral CT showed stage T1a in six cases, 16 were
T1b (Fig. 1a–c), stage T2 in 16 patients (Fig. 2a–d), stage T3a
in four cases, stage T3b in four patients, and stage T4 in two
cases (Figs. 3a–c and 4a–c). Renal vein and inferior vena caval
thrombosis was detected as hypodense intraluminal lesion with
no post contrast enhancement (Fig. 5a–c). Corticomedullary
phase detected 42 lesions out of 48 lesions, while nephrograph-
ic and excretory phases detected all 48 lesions. Enhancement
pattern was homogenous in 28 cases and heterogonous in 20Fig. 4 (a) Unenhanced helical CT displays an ill-deﬁned mass of hete
cystic degeneration, with invasion of Geroat’s fascia and the lower pole
Corticomedullary phase. (c) Nephrographic phase reveals a large ill
parenchymal enhancement). CT staging was T4, N2.cases. Degree of enhancement was mild in 12 lesions, moderate
in 12 lesions, and marked in 24 lesions. Thirty-six lesions were
hypodense in all three phases of CT. Eight lesions were iso-
dense by corticomedullary phase, while by nephrographic
and excretory phases, four of them were hypodense and the
other four lesions were isodense. Four lesions were hyperdense
by corticomedullary phase while by nephrographic and excre-
tory phases, these lesions were hypodense.
Triphasic helical CT revealed stage N0 in 42, stage N1 in
one case, and stage N2 in ﬁve cases.
Comparison between triphasic helical CT staging and oper-
ative data/pathologic staging showed harmony in all six lesions
in stage T1a, and 16 in stage T1b. Triphasic helical CT over
diagnosed two cases of stage T1b regarded as stage T3a while
agreement was noted in the 16 cases stage T2. Harmony was
noted between triphasic helical CT and pathologic staging in
two lesions stage T3a, four lesions in stage T3b, and two le-
sions stage T4 (Table 1). The agreement between triphasic heli-
cal CT and pathologic T stages was perfect (K= 0.941).
N staging. Thirty nine of 48 patients (81.2%) were correctly
staged, three patients (6.2%) were over staged, and six patients
(12.5%) were under staged (Table 2). In over staged patients,
the lymph nodes were larger than 1 cm but were noted as reac-
tive hyperplasia on pathology. In under-staged patients,rogeneous density in the upper zone of the left kidney with area of
of the spleen. It also shows enlarged paraaortic lymph glands. (b)
-deﬁned heterogeneously enhanced mass (less than normal renal
Fig. 5 (a) CMP reveals large well-deﬁned hypodense mass in the upper zone of the right kidney with areas of cystic degeneration. (b)
Nephrographic phase displays large well-deﬁned hypodense mass with cystic degeneration and periaortic lymph node enlargement. (c)
Nephrographic phase in a lower level display IVC thrombosis as an intraluminal hypodense non-enhancing ﬁlling defect. CT staging was
T3b, N2.
Table 1 Pathologic and triphasic helical CT staging of the
tumor (T).
CT Pathologic T stage Total
T1a T1b T2 T3a T3b T4
T1a 6 6
T1b 16 2 18
T2 16 16
T3a 2 2
T3b 4 4
T4 2 2
Total 6 16 16 4 4 2 48
Table 2 Pathologic and triphasic helical CT staging of lymph
node involvement (N).
CT N stage Pathologic N stage Total
N0 N1 N2
No 36 6 42
N1 1 1
N2 3 2 5
Total 39 7 2 48
426 M.N. Allam et al.pathology detected microscopic metastasis in lymph nodes
(<1 cm in diameter) in ﬁve cases and one patient was under
staged because lymph nodes (>1 cm in diameter) were not
identiﬁed separately from the large renal tumor. The agree-
ment between triphasic helical CT N stages and pathologic
N staging was poor (K= 0.33)M staging. Not applicable.
4. Discussion
Imaging of RCC plays a fundamental role in its discovery,
staging, and follow-up (8). Typical presentation of RCC was
in the sixth and seventh decades of life and there is increasing
incidence in age-adjusted annual rate of approximately 3%
(9). In the present study, the mean patients’ age was 56 year
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subtypes (clear cell, papillary, chromophobe RCC, and collect-
ing duct carcinoma). In the present study, there were clear cell
type in 43 cases, three cases papillary, and two cases chromo-
phobe RCC. The non-contrast CT served as a baseline for the
evaluation of enhanced studies, but the unenhanced scans
proved to be inequitable for evaluation of the kidney lesions.
The corticomedullary phase CT enabled differentiations be-
tween the already enhanced renal cortex and the still unen-
hanced renal medulla. During nephrographic phase, uniform
enhancement of renal parenchyma was achieved and lesions
in the renal medulla were expected to be better visualized dur-
ing this phase. The advantage of excretory phase was discrim-
ination of the collecting system. In the present study, the
corticomedullary phase detected 42 lesions out of 48, while,
nephrographic and excretory phases detected all 48 lesions.
This is in accordance with Kopka et al. (10), who reported that
clinically signiﬁcant misdiagnosis can be made when only cor-
ticomedullary phase images are used to evaluate the kidney le-
sions. Also Zeman et al. (11) reported that many tumors had
enhancement similar to the medulla and often missed on the
corticomedullary phase scans with exception of the tumors ex-
tended into the areas of cortical enhancement.
In the present study, comparison of triphasic helical CT to
the pathologic T staging showed harmony in diagnosis in al-
most all cases except two (two cases stage T1b were over
diagnosed to stage T3a). This is in accordance to Catalano
et al. (5) who reported that the accuracy of triphasic CT
was 95% in assessment of perinephric fat inﬁltration. In these
over staged cases, imaging evidence of perinephric spread was
present, but was not conﬁrmed by pathologic ﬁndings. Path-
ologic ﬁndings of these cases revealed inﬂammatory evidence
in perinephric fat. So that the prediction of perinephric fat
inﬁltration continues to be an enigma, even with triphasic
helical CT.
In the present study, in four lesions renal vein and infradi-
aphragmatic inferior vena caval thrombosis (stage T3b) was
detected by triphasic helical CT and conﬁrmed by operative
data and pathologic evidence with no wall invasion. This is
in accordance with Kallman et al. (12) who stated that; throm-
bus could be visualized during the corticomedullary phase.
About 25% of patients with RCC have tumor invasion into re-
nal vein (13). Conventional CT scanning has been less accurate
in the evaluation of venous involvement with RCC (12), while,
triphasic helical CT imaging showed staging results similar to
MRI. Consequently, these staging procedures can be used to
assess the extension of the tumor thrombus (14).
Nstaging. Lymph node enlargement may be caused by reac-
tive hyperplasia; this is often associated with tumor necrosis or
venous thrombosis (15). In the present study, 81.2% of pa-
tients with lymph node metastasis were correctly staged,
6.3% were over staged, and 12.5% were under staged. Over
staging was caused by the presence of reactive enlargement
of nodes. Understating was caused by presence of microscopic
metastasis in <1 cm lymph nodes or the nodes could not be
identiﬁed separately from the renal tumor. This is in accor-
dance to Tu¨rkvatan et al. (16) who stated that lymph nodes
involvement remains difﬁcult to be predicted because the crite-
rion of node size >1 cm is neither sensitive nor speciﬁc for no-
dal metastases.
The limitation of the present study is the small number of
reviewed cases.5. Conclusion
The triphasic helical CT provides good delineation and charac-
terization of the RCC. The overall agreement in T stage of
RCC is perfect, while agreement in N staging is poor. So T
staging can be predicted from triphasic helical CT ﬁndings
while N staging cannot be predicted preoperatively. For pre-
cise RCC staging, we recommend to test triphasic helical CT
and other recent tools for RCC assessment in studies with a
larger number of patients.Acknowledgment
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